









































































































































































































Table	7.	Projected	changes	 relative	to	1980‐2012 	by	mid‐21st	century	 30‐year	period	








List of Acronyms and Abbreviations 

































































































































































































































































































Mid-century climate projections 
Projected	future	and	modeled	historic	bias	corrected,	1/8	degree	statistically	downscaled	




































































































































































































































Forest and Woodland                                   
Lodgepole pine forest 
                                 
Pinyon‐Juniper woodland 
                                 
Ponderosa pine forest 
                                 
Spruce‐Fir forest 
                                 
Shrubland 
                                 
Oak & mixed mountain shrub  
                                 
Sagebrush shrubland 
                                 
Sandsage shrubland 
                                 
Grassland 
                                 
Foothill & mountain grassland 
                                 
Shortgrass prairie 
                                 
Riparian & Wetland 
                                 
Playas 
                                 
Riparian woodland & shrubland Wetlands 
                                 
West 
                                 
Mountains 
                                 
East 
                                 
Other 
                                 
Alpine 











combined	under	five	headings	 Table	6 .	Factors	were	scored	on	a	scale	of	0	 low	
























































Growth form and intrinsic dispersal rate 




Vulnerability to increased attack by biological stressors  
For	each	biological	stressor	to	which	a	habitat	is	believed	vulnerable,	0.33	was	subtracted	
from	a	default	score	of	1,	to	produce	the	final	habitat	score.	



































Overall Vulnerability Ranking  
The	Exposure‐Sensitivity	rank	and	the	Resilience‐Adaptive	Capacity	rank	are	combined	















































































Change in annual avg. temperature   1.04C (0.04)  1.87F (0.07)  2.28C (0.11)  4.10F (0.20) 
Change in summer avg. temperature  1.30C (0.07)  2.34F (0.13)  2.78C (0.15)  5.00F (0.27) 
Change in winter avg. temperature  0.59C (0.15)  1.06F (0.27)  2.52C (0.15)  4.54F (0.27) 
Change in annual precipitation  ‐41.73 mm (26.54)  ‐1.64 in (1.04)  53.70 mm (25.59)  2.11 in (1.01) 
Change in summer precipitation  ‐29.86 mm (17.26)  ‐1.18 in (0.68)  8.60 mm (4.87)  0.34 in (0.19) 












































































































































































Forest and Woodland         
Lodgepole pine forest  Low  Low  L/L  Moderate 
Pinyon‐Juniper woodland  Low  Low  L/L  Moderate 
Ponderosa pine forest  Moderate  Moderate  M/M  Moderate 
Spruce‐Fir forest  Moderate  Moderate  M/M  Moderate 
Shrubland         
Oak & mixed mountain shrub    Low  High  L/H  Low 
Sagebrush shrubland  Low  Moderate  L/M  Low 
Sandsage shrubland  High  High  H/H  Moderate 
Grassland 
Foothill & mountain grassland ‐ high  Moderate  Moderate  M/M  Moderate 
Foothill & mountain grassland ‐ low  High  Moderate  H/M  High 
Shortgrass prairie  High  Moderate  H/M  High 
Riparian & Wetland 
Playas  Moderate  Low  M/L  High 
Riparian woodland & shrubland ‐ west  Low  Low  L/L  Moderate 
Riparian woodland & shrubland ‐ mountain Low  Moderate  L/M  Low 
Riparian woodland & shrubland ‐ east  Low  Moderate  L/M  Low 
Wetlands ‐ west  Low  Moderate  L/M  Low 
Wetlands ‐ mountain  Low  Moderate  L/M  Low 
Wetlands ‐ east  Moderate  Moderate  M/M  Moderate 
Other         






Potential biome shifts 






























































































































































































TERRESTRIAL ECOSYSTEM VULNERABILITY ASSESSMENT 
SUMMARIES 




















































































































Lodgepole  0.60  0  0.67  0.33  0.75  0.45  L  Low 
	

























































































































































































Pinyon‐juniper  0.87  0  0.67  0.33  0.592  0.47  L  Low 
	
























































































































































































Ponderosa  0.87  0  0.67  0.67  0.54  0.53  M  Moderate 
	

























































































































































































































Spruce‐fir  0.37  0  0.67  0.67  0.89  0.51  M  Moderate 
	















































































































































especially	serviceberry	 Amelanchier	spp. 	with	mahogany	 Cercocarpus	spp. 	at	higher	
elevations.	These	habitats	are	not	limited	to	higher	elevations,	and	are	not	at	the	southern	
extent	of	their	North	American	distribution	in	Colorado.	Average	annual	precipitation	for	


















skunkbush	sumac	 Rhus	trilobata ,	cliff	fendlerbush	 Fendlera	rupicola ,	antelope	
bitterbrush	 Purshia	tridentata ,	wild	crab	apple	 Peraphyllum	ramosissimum ,	snowberry	































Oak  0.89  1  1  1  0.49  0.85  H  High 
	
































































































































































































Sagebrush  0.93  0.5  0.67  0.33  0.53  0.57  M  Moderate 
	












































































































prairie	 Albertson	&	Weaver	1944,	Daley	1972, ,	or	of	shortgrass	prairie	 Ramaley	1939,	






























































































Sandsage  0.65  1  0.67  1  0.43  0.74  H  High 
	


















































































































































































































grasslands  0.82  1  0.33  0.67  0.37  0.64  M  Moderate 
Low elevation 















High elevation  Moderate  Moderate  M/M  Moderate 










































































































































































Shortgrass  0.69  1  0.33  0.67  0.44  0.62  M  Moderate 
	






















































































































































































Playas  0.62  0.00  0.33  0.67  0.57  0.44  L  Low 
	



































































































































Mean spring temperature  0%  0%  0% 
Mean summer temperature  43%  0% 
Very hot days  0% 
Average range shift  9%  0%  11% 
Rank  L  L  L 














































West  0.57  0.50  0.33  0.67  0.40  0.50  L  Low 
Mountain  0.81  0.50  0.33  0.67  0.69  0.60  M  Moderate 
East  0.64  0.50  0.33  0.67  0.44  0.52  M  Moderate 
	








West  Low  Low  L/L  Moderate 
Mountain  Low  Moderate  L/M  Low 






























































































































Mean spring temperature  0%  0%  0% 
Mean summer temperature  0%  67% 
Very hot days  32% 
Average range shift  10%  5%  23% 
Rank  L  L  M 












































West  0.69  0.50  0.33  0.67  0.41  0.52  M  Moderate 
Mountain  0.90  0.50  0.33  0.67  0.67  0.61  M  Moderate 
East  0.66  0.50  0.33  0.67  0.43  0.52  M  Moderate 
	








West  Low  Moderate  L/M  Low 
Mountain  Low  Moderate  L/M  Low 



















































































































































































Alpine  0.32  0.5  0.67  0.67  0.98  0.61  M  Moderate 
	









Alpine  Moderate  Moderate  M/M  Moderate 
	
Alpine	habitats	are	ranked	moderately	vulnerable	to	the	effects	of	climate	change	by	mid‐
century	under	a	moderate	emissions	scenario.	Primary	factors	contributing	to	this	ranking	
are	the	fact	that	these	habitats	are	restricted	to	the	highest	elevations	of	Colorado,	and	
consequently	have	a	narrow	biophysical	envelope.	Many	of	the	constituent	species	are	at	
the	southern	edge	of	their	distribution	in	Colorado.	Under	a	longer‐term	evaluation	frame,	
vulnerability	of	this	habitat	is	expected	to	be	greater.	
Maps	below	illustrate	the	spatial	pattern	of	exposure	under	the	worst	case	scenario	for	the	
five	climate	variables	assessed	for	alpine	habitats.	Legend	pointers	indicate	the	range	of	
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change	for	this	habitat	within	the	statewide	extent	of	change.	Alpine	areas	in	the	San	Juan	
Mountains	are	generally	most	exposed	to	drier	conditions.	Under	a	wetter	scenario,	
however,	some	parts	the	southern	mountains	may	experience	an	increase	in	large	
precipitation	events.	Temperature	patterns	are	less	clear;	all	areas	are	projected	to	
undergo	warming	to	some	degree,	although	to	a	lesser	extent	than	is	projected	for	lower	
elevation	habitats.	
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